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Figure 1. Approximation of actual stress-




The problem is formulated employing first order shear 
deformation theory. The governing equations, obtained 
using Lagrange’s equation of motion, are solved by finite 
element method. A detailed parametric study is carried out 
to study the influences of thickness ratio, aspect ratio, semi-
cone angle, and number of layers on the free vibration 
natural frequencies and neutral surface location of 
bimodulus cross-ply composite laminated conical panels. 
Keywords: Bimodular, cross-ply conical panel, first order 
shear deformation theory, finite element method. 
 
1. INTRODUCTION 
Bimodularity, the different elastic behavior in tension and 
compression, is inherent characteristics of composite 
materials. Their actual stress-strain behavior is non-linear 
which is often approximated by a bilinear model with slope 












 It has been observed that unidirectional glass/epoxy 
composites have compression moduli 20% lower than the 1
tps://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms of Use: httptension moduli, boron/epoxy laminates have compression 
moduli about 15-20% larger than the tension moduli and 
graphite/epoxy laminates have tension moduli up to 40% 
greater than the compression moduli [1,2]. 
The analysis of shell structures made of bimodulus 
material is computationally more challenging compared to 
uni-modular composite shells as the elastic moduli of the 
bimodular shells depend on the sign of fiber direction strain 
which is unknown a priori.  
The static bending analysis of bimodulus 
laminated composite plates [3-7] has been carried out 
employing either first order or higher order shear 
deformation theory using finite element technique. The 
nonlinear bending analysis of bimodular anisotropic 
composite material plates has been carried out by 
Gordaninejad [8] and Reddy and Chao [9]. The thermal 
bending analysis of thick plate has been carried out by 
Reddy et al. [10]. Thermo flexural analysis of thick 
bimodulus laminated angle- and cross-ply composite plates 
has been carried out by Patel et el.[11]. The free vibration 
analysis of bimodulus laminated composite rectangular 
plates has received the attention of few researchers [12-15]. 
The axisymmetric and asymmetric vibration 
analysis of circular and annular plates of bimodulas 
material has been carried out by Chen and Juang [16] and 
Chen and Chen [17]. A few studies on static analysis of 
bimodulus laminated cross-ply composite shells and 
dynamic analysis of cross-ply panels have been presented 
[18-21]. To the best of the authors’ knowledge, the work on 
free vibration characteristics of bimodular laminated cross -
ply conical panels is not dealt in the literature. 
The free vibration analysis of simply supported cross-
ply laminated conical panels made up of bimodulus  Copyright © 2008 by ASME 
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material is carried out using finite element method. The 
effects of aspect ratio, semi cone-angle and number of 
layers on frequency and neutral surface location of conical 
panels are investigated.  
2. FORMULATION 
A bimodular material laminated composite conical panel is 
considered with the coordinates s,  and z along the 
meridional, circumferential and radial/thickness directions 
respectively, as shown in Fig. 2. The displacements u, v and 
w at a point (s, , z) from the median surface are expressed 
as function of middle surface displacements u0, v0, w0 and 
independent rotations s and  of the meridional and hoop 
sections, respectively, as 
u ( s , , z, t ) = u0 ( s ,, t )+ z s (  s, , t)  
v (s,  ,z, t )   = v0 ( s, , t )+ z  (  s, , t) 













Figure 2. Geometry and coordinate system of conical panel 
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The vectors{ }pε , { }bε  and { }sε  represent mid-surface 
membrane, bending and transverse shear strains, 
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Based on the fiber direction strain governed model, the 
constitutive relation of a bimodulus laminated material can 
be written as [11] : 























































































































[ ]{ }εk lijQ=   
                                                                 (4)             
where k lijQ  are transformed stiffness coefficient and k is 
layer number, l = 1 denotes the properties associated with 
fiber direction tension and l = 2 denotes the properties 
associated with fiber direction compression. 
The kinetic energy of the shell is given by 



























ρδ            
(5) 
where k  is the mass density of the k
th layer , hk, hk+1 are the 
z-coordinates of the bottom and top surfaces of the kth layer 
and { } { }nδδδδ ..,,........., 21=  is the vector of the 
degrees of freedom. 
Using equation (1), equation (5) can be rewritten as: 



























1 ρδ        
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1 εσδ               (7) 
Using equation (4), equation (7) can be rewritten as: 




















1 εεδ   (8) 
Analysis is carried out using a C0 eight-noded serendipity 
quadrilateral shear flexible shell element with 5 degrees of 
freedom ( u0  ,v0 , w0 , s,  ) developed based on the field 
consistency approach [23]. The field variables are 
expressed in terms of nodal values using shape function as  
(u0  ,v0 , w0 , s, ) = ( )isiiii
i






                                   (9) 
where 0iN  are the original shape functions for the eight-
nodded quadratic serendipity element. If the shape 
functions for an eight-noded element are used directly to 
interpolate the 5 field variables (u0, v0, w0, s, ) in deriving 
the transverse shear strains for very thin shell, the element 
will lock and show oscillations in the transverse shear 
stresses. Field consistency requires that the transverse shear 
strains must be interpolated in a consistent manner [23]. 
This is achieved here by smoothing the original shape 
function in a least-square fashion to the desired form, ie the 
functions that are consistent with the derivative 
functions ( )0,0, θisi NorN . Here the smoothed shape 
function 1siN  and 
1
iNθ  consistent with derivative functions 
sw ,0  and θ,0w  are required for the interpolation of  sβ  
and θβ to be substituted in the expression for the 
transverse shear strain components. Using the smoothed 
shape functions, the constrained transverse shear strain 
components are expressed as         




















































The other strain fields are expressed in terms of original 
shape function ( )0iN  and their derivatives. 
Using Lagrange’s equation of motion (derived based on 
classical Hamilton’s principle), the element level governing 
equations are written as:   
 [ ]{ } [ ]{ } [ ]0=+ eeee KM δδ             (10) 
where [Me] and [Ke] are the elemental stiffness and mass 
matrices, and { }eδ  is the vector of the elemental degrees 
of freedom. Following the usual finite element assembly  
























   Figure 3a. Bimodulus action 
during first portion of cycle of 




Figure 3b. Bimodulus 
action during second 
portion of cycle of a two 
layered cross-ply panel. 
                 
procedure, the governing equations of motion for the panel 
are obtained as: 
   [ ]{ } [ ]{ } [ ]0=+ δδ KM                        (11) 
where [M] and [K] are global mass and stiffness matrices. 
For free vibration analysis, Equation (11) is rewritten using 
solution { } { } tie ωδδ =  as 
             [ ]{ } [ ]{ }δωδ MK 2=                          (12) 
                                                                                    
The free vibration frequencies are extracted using Lanczos 
eigenvalue extraction technique. 
3. BIMODULAR ACTION  
A two layer cross-ply panel is considered to explain the 
effect of bimodulus action on the shell behavior. The side 
cross-sectional deflected views are shown in Fig. 3a. and 


















The shaded areas are indicating fiber direction tensile 
strain and white areas are indicating fiber direction 
compressive strain. The tensile properties are used for 
shaded part and compressive properties are used for white 
areas 
 From the above discussion, it is clear that the stiffness 
acting in the two portions of a cycle may be different and 
thus associated frequencies are also different. The 
corresponding time intervals (as shown in Fig.4.) over 
which the two portions take place are (/1) and (/2). 










Figure 4. Free vibration response 
during two portions of vibration 
cycle of a two layer cross-ply panel 
Time 
T1=/1 T2=/2 3 Copyright © 2008 by ASME 
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The key element in the analysis of bimodular laminates is 
the determination of the neutral surface location. The 
portion of the laminate on one side of the neutral surface is 
in compression and the one on the other side is in tension. 
However, the location of the neutral surface is not known a 
priori. The location of the neutral surface is determined 
through the iterative solution The neutral surface iteration 
procedure is illustrated in Fig. 5. If the neutral surface is 
located inside a layer (called the “neutral surface layer”) 
instead of at the interface between two layers, the layer 
containing neutral surface is split into two layers. The 
neutral surface is determined using the zero fiber direction 
strain condition. An iteration procedure is necessary to 
determine the proper combination of the material properties 
and neutral surface. First, the neutral surface is assumed to 
be at the middle surface of the laminate for the purpose of 
initiating the iterative procedure. Then, any layer which 
straddles the neutral surface is split into two layers, a 
tension layer and a compression layer, and then the tension 
or compression properties are assigned to each layer. Based 
on this, the analysis is carried out and the deformation 
shape or normalized mode shape of interest is used for 
obtaining the new neutral surface location.  
 
This is repeated until neutral surface location, frequencies 
and normalized mode shape from two consecutive 
iterations converge to a specified tolerance limit less than 
0.001%. These steps are repeated for obtaining the 
frequencies corresponding to positive and negative half 
cycles of different modes. 
Assume middle surface is the neutral 
surface 
Split neutral surface layer into tension and 
compression layers 
Assign compression or tension properties to 
each layer 
Evaluate mass and stiffness matrix 
Solve the governing equation 
[M] { } [ ]{ } { }0=+ δδ K  
Calculate Zns and Zn from 
equations 00 == θθεε andss  
Are frequency mode/deflection shapes 
and neutral surface locations converged 
Locate the layer for fiber direction 






Figure 5. Neutral surface iteration flow diagram 
YES  
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Formulation presented and software developed are general 
in the sense that these can be used for arbitrary laminated 
(cross-, angle-, mixed-ply) panels and different boundary 
conditions. The results are presented here for simply 
supported cross-ply panels. 
The material properties used are [21]: 
In tension: E1t = 3.58 GPa, E2t = E3t = 0.00909 GPa, G12t = 
G13t = 0.0037 GPa, G23t = 0.0029 GPa, 12t =  23t =  13t  = 
0.416. 
In compression: E1c = E2c = E3c  = 0.012 GPa, G12c = G13c = 
0.0037 GPa, G23c = 0.00499GPa, 
 12c =  23c = 13c = 0.205. 
The simply supported boundary conditions considered are: 
w(0, , t) =  w(L, , t) =  v(0, , t) = v(L, , t) =  
(0, , t) =  (a, , t) = 0 
 w(s, 0, t) =  w(s, b/r, t) =  u(s, 0, t) = u(s, b/r, t) =  
s(s, 0, t) =  s(s, b/r, t) = 0 
where L and b refer to the length in the meridional and 
circumferential directions, respectively. Based on the 
convergence study, 10x10 discretization is used for 
detailed analysis. The results presented are non-
dimensional frequencies (1, 2) = ( (1, 2)b
2(/E2c/h
2)1/2; 
1, 2 are the natural frequencies in positive and negative 
half cycles, respectively), neutral surface locations Zns and 
Zn ( Zns = zns/h, Zn = zn/h). 
 The procedure developed herein is validated 
against available solutions [21] for two layered cross-ply 
simply-supported cylindrical panels and the results are 
given in Table 1.The results given in Ref. [21] for positive 
half cycle match very well with present results of positive 
half cycle of 90°/0° panel. Results of Ref. [21] for negative 
half cycle do not match with present results of 90°/0° panel 
rather they match with positive half cycle 0°/90° panel. 
There appears to be a typographical error in Ref. [21].  
The influence of different geometrical and 
lamination scheme parameters of the panels on the 
fundamental frequency parameter is studied and depicted in 
Tables 3 and 4 for positive and negative half cycles, 
respectively for L/b = 0.5, 0.7, 1, 1.4, 2, semi cone-angle  
= 15°, 30°, 45°, number of layers N = 2, 4, 8 and thickness 
ratio r/h = 10, 50, 100 of cross-ply (0°/90°)N /2 simply 
supported panels. 
The fiber-direction strain distribution through the 
thickness of an eight layered laminate ( r/h = 100, L/b = 
1.0, =15˚, (0˚/90˚)4 ) for positive half cycle for various 
iterations is shown in Fig.6. It is clear from these figures 
that fiber direction strain distribution changes for each 
successive iteration before convergence. For certain shell 
parameters, strain distribution switches between two or 
more different patterns with different associated 
frequencies. These results are not presented in Table 3. 
 It is observed that as the aspect ratio increases, 
the frequency parameter value decreases. The frequency 4 Copyright © 2008 by ASME 
://www.asme.org/about-asme/terms-of-use
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parameter increases with the increases of number of layers. 
For L/b = 0.5, 2 is more than the corresponding 1 value, 
but for L/b = 1, 1.4, 2, 1 is more than the corresponding 
2 value. As the number of layers increases, the planes 
corresponding to ss = 0 and  = 0 shift outwards and 
inwards, respectively, from geometric mid-surface for 
positive half cycle, and opposite trend has been observed 
for negative half cycle. The percentage difference of 
positive and negative half cycle frequency parameter values 
((1 – 2) / 1) is higher for 15º semi-cone angles. With 
the increase in the semi-cone angle, the percentage change 
in the frequency parameter values decreases with respect to 
L/b ratio and number of layers. 
The following conclusions can be drawn from the detailed 
parametric study: 
(i) Frequency parameter values decrease as the L/b ratio 
increases. 
(ii)  The frequency parameter increases with the increases 
in the number of layers. 
(iii) As the number of layers increases, the planes 
corresponding to ss= 0 and  = 0 shift outwards and 
inwards, respectively, from geometric mid-surface for 
positive half cycle, and opposite trend is observed for 
negative half cycle. 
(iv) The percentage difference of positive and negative half 
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Downloaded FrTable 1. Comparison of non-dimensional frequency ( 	1) for different aspect ratios (a/b) and thickness ratios (r/h) of tw
layered cross-ply[ (90º/0°), (0° / 90°) ] bimodular simply supported cylindrical panel (b/h = 10). 
(90°/ 0°) (0° / 90°) 
r/h = 10 r/h = 50 r/h = 10 r/h = 50 
L/b 
Ref. [21] Present Ref. [21] Present Ref. [21] Present Ref. [21] Present 
0.5 21.0200 22.0815 19.0463 19.4943 17.1875 17.4429 14.0244 14.2788 
0.7 14.2052 14.3418 11.6098 11.8907 11.9665 12.0867 9.7942 9.7063 
1.0 9.3674 9.3866 7.3443 7.3545 8.5365 8.6509 7.3932 7.2443 
1.4 6.5556 6.5727 5.0287 5.0935 6.5167 6.6841 5.9070 6.1063 
2.0 4.6281 4.7474 3.9409 3.8721 5.3353 5.4417 5.4115 5.5148 
 
Table 2. Non-dimensional fundamental frequencies in positive half cycle for different aspect ratios (L/b), semi-cone angles (
number of layers (N), radius to thickness ratios (r/h) of cross-ply [(0°/90°)N/2], simply supported bimodular laminated cylindrica
shell panels (b/h = 10). 
r/h=10 r/h=50 r/h=100 L/b  N 
1 Zns1 Zn1 1 Zns1 Zn1 1 Zns1 Zn1 
2 16.2654 -0.0198 0.3753 14.1696 -0.0190 0.4164 13.9490 -0.0179 0.4208 
4 16.3901 0.2172 0.3566 17.0249 0.2062 0.3993 16.7811 0.2066 0.4036 15° 
8 16.4068 0.3401 0.3525 17.2198 0.3338 0.3788 17.3301 0.3328 0.3833 
2 15.2677 -0.0152 0.3718 14.0412 -0.0184 0.4165 13.8857 -0.0177 0.4210 
4 15.5588 0.2169 0.3570 16.8227 0.2068 0.3982 16.7058 0.2067 0.4034 30° 
8 15.6238 0.3389 0.3586 17.0188 0.3343 0.3792 17.2271 0.3331 0.3834 
2 14.4193 -0.1024 0.3753 13.8977 -0.0178 0.4173 13.8162 -0.0174 0.4214 
4 14.9706 0.2163 0.3621 16.6131 0.2074 0.3981 16.6195 0.2069 0.4035 
0.5 
45° 
8 15.1159 0.3379 0.3713 16.8518 0.3347 0.3804 17.1398 0.3334 0.3838 
2 11.6128 -0.0346 0.4081 9.5546 -0.0266 0.4291 9.4080 -0.0252 0.4315 
4 13.3395 0.1959 0.3987 11.3034 0.2008 0.4187 11.1142 0.2015 0.4208 15° 
8 14.4451 0.3035 0.3953 12.5568 0.3176 0.4146 12.2784 0.3185 0.4163 
2 10.9778 -0.0303 0.4021 9.3936 -0.0258 0.4289 9.3250 -0.0248 0.4315 
4 12.5543 0.1992 0.3910 11.1261 0.2013 0.4182 11.0239 0.2018 0.4206 30° 
8 13.5761 0.3173 0.3858 12.3801 0.3181 0.4139 12.2784 0.3185 0.4163 
2 10.1442 -0.0254 0.3998 9.2291 -0.0248 0.4292 9.2419 -0.0243 0.4316 
4 11.5872 0.2024 0.3868 10.9372 0.2018 0.4180 10.9293 0.2021 0.4206 
0.7 
45° 
8 12.5695 0.3206 0.3801 12.1937 0.3186 0.4136 12.1849 0.3188 0.4162 
2 8.0610 -0.0489 0.4263 7.0253 -0.0384 0.4374 6.9994 -0.0365 0.4384 
4 9.1340 0.1836 0.4204 8.0162 0.1913 0.4313 7.9466 0.1925 0.4323 15° 
8 9.7781 0.3012 0.4181 8.6810 0.3082 0.4286 8.5998 0.3094 0.4296 
2 7.4950 -0.0425 0.4203 6.8174 -0.0370 0.4370 6.8886 -0.0358 0.4383 
4 8.4737 0.1886 0.4134 7.7965 0.1923 0.4307 7.8340 0.1930 0.4321 30° 
8 9.1063 0.3061 0.4105 8.4624 0.3092 0.4279 8.4846 0.3098 0.4293 
2 6.8279 -0.0357 0.4167 6.6273 -0.0355 0.4369 6.7872 -0.0351 0.4383 
4 7.7160 0.1935 0.4086 7.5885 0.1934 0.4303 7.7203 0.1936 0.4316 
1.0 
45° 
8 8.3434 0.3107 0.4049 8.2531 0.3103 0.4274 8.3742 0.3104 0.4291 
2 5.8970 -0.0672 0.4367 5.7969 -0.0509 0.4418 5.8906 -0.0515 0.4421 
4 6.5757 0.1667 0.4328 6.3585 0.1770 0.4382 6.4155 0.1788 0.4386 15° 
8 6.9587 0.2845 0.4311 6.7121 0.2940 0.4366 6.7551 0.2956 0.4370 
2 5.3289 -0.0570 0.4308 5.5248 -0.0519 0.4415 5.7417 -0.0505 0.4420 
4 5.9348 0.1754 0.4261 6.4338 0.2959 0.4359 6.6034 0.2966 0.4367 30° 
8 6.3025 0.2930 0.4240 6.4338 0.2959 0.4359 6.6034 0.2966 0.4367 
2 4.7643 -0.0471 0.4265 5.2966 -0.0495 0.4412 5.6143 -0.0493 0.4419 




8 5.6590 0.3004 0.4181 6.1922 0.2979 0.4353 6.4694 0.2976 0.4364 
2 4.3471 -0.0930 0.4433 5.0688 -0.0779 0.4445 5.2833 -0.0742 0.4443 
4 4.7603 0.1416 0.4408 5.3762 0.1538 0.4424 5.5638 0.1563 0.4423 15° 
8 4.9825 0.2596 0.4396 5.5572 0.2706 0.4414 5.7331 0.2728 0.4413 
2 3.7537 -0.0763 0.4378 4.6951 -0.0753 0.4442 5.0739 -0.0729 0.4442 
4 4.1123 0.1569 0.4346 5.0033 0.1570 0.4419 5.3545 0.1579 0.4421 30° 
8 4.3184 0.2746 0.4330 5.1866 0.2742 0.4408 5.5247 0.2746 0.4411 
2 3.2711 -0.0614 0.4329 4.4006 -0.0723 0.4439 4.9010 -0.7159 0.4440 
4 3.5788 0.1697 0.4290 4.7059 0.1604 0.4415 5.1803 0.1596 0.4419 
2.0 
45° 
8 3.7726 0.2869 0.4270 4.8901 0.2778 0.4403 5.3509 0.2764 0.4408  7 Copyright © 2008 by ASME 




Table 3. Non-dimensional fundamental frequencies in negative half cycle for different aspect ratios (L/b), semi-cone angles (
), 
number of layers (N), radius to thickness ratios (r/h) of cross-ply [(0°/90°)N/2], simply supported bimodular laminated cylindrical 
shell panels (b/h = 10). 
 
r/h=10 r/h=50 r/h=100 L/b  N 
2 Zns2 Zn2 2 Zns2 Zn2 2 Zns2 Zn2 
2 17.6562 -0.4127 -0.5659 17.2799 -0.4880 -4.4213 17.3304 -0.4595 0.0588 
4 17.7625 -0.3989 -0.7814 17.2211 -0.4623 -0.1633 17.3304 -0.4606 -0.1525 
15° 
8 17.7849 -0.3898 -0.8568 17.2212 -0.4631 -0.2739 17.3305 -0.4617 -0.2655 
2 19.6081 -0.4435 -0.1558 17.2282 -0.4685 -4.9005 17.2281 -0.4601 -0.0540 
4 19.9630 -0.4331 -0.9473 17.0232 -0.4634 -0.1710 17.2282 -0.4611 -0.1539 
30° 
8 - - - 17.0233 -0.4641 -0.2792 17.2283 -0.4621 -0.2667 
2 - - - 16.8600 -0.4633 -0.0812 17.1417 -0.4605 0.0502 
4 - - - 16.8599 -0.4640 -0.1780 17.1419 -0.4615 -0.1549 
0.5 
45° 
8 - - - 16.8601 -0.4646 -0.2837 17.1420 -0.4624 -0.2674 
2 11.5031 -0.4507 -0.0939 11.1789 -0.4451 0.0430 11.3206 -0.4442 0.0457 
4 11.5344 -0.4493 -0.2094 11.8877 -0.4417 -0.1844 12.1067 -0.4407 -0.1828 
15° 
8 11.6624 -0.4480 -0.3201 12.3890 -0.4402 -0.3030 12.6366 -0.4392 -0.2990 
2 11.3799 -0.4493 -0.1058 11.1532 -0.4450 0.0443 11.2988 -0.4441 0.0463 
4 11.3953 -0.4483 -0.2087 11.8379 -0.4417 -0.1834 12.0829 -0.4407 -0.1822 
30° 
8 11.4793 -0.4472 -0.3183 12.3206 -0.4402 -0.2993 12.6083 -0.4392 -0.2985 
2 11.1681 -0.4485 -0.0739 11.1528 -0.4447 0.0460 11.2972 -0.4440 0.0472 
4 11.2088 -0.4473 -0.2020 11.8335 -0.4415 -0.1820 12.5969 -0.4407 -0.1816 
0.7 
45° 
8 11.2864 -0.4464 -0.3116 12.3063 -0.4401 -0.2981 12.5969 -0.4392 -0.2979 
2 6.7872 -0.4547 -0.0614 6.6640 -0.4430 0.0313 6.8165 -0.4412 0.0330 
4 6.8807 -0.4513 -0.2068 7.4269 -0.4369 -0.1951 7.6505 -0.4351 -0.1944 
15° 
8 7.0845 -0.4488 -0.3212 8.0166 -0.4342 -0.3113 8.2673 -0.4324 -0.3109 
2 6.6240 -0.4512 -0.0839 6.5985 -0.4428 0.0324 6.7809 -0.4411 0.0336 
4 6.6670 -0.4490 -0.2095 7.3307 -0.4370 -0.1943 7.6009 -0.4352 -0.1940 
30° 
8 6.7956 -0.4470 -0.3213 7.8956 -0.4344 -0.3105 8.2039 -0.4325 -0.3105 
2 6.4163 -0.4485 -0.0659 6.5677 -0.4423 0.0338 6.7610 -0.4410 0.0342 
4 6.4644 -0.4464 -0.2058 7.2827 -0.4368 -0.1934 7.5729 -0.4351 -0.1935 
1.0 
45° 
8 6.5690 -0.4448 -0.3177 7.8243 -0.4343 -0.3097 8.1654 -0.4325 -0.3100 
2 4.3459 -0.4647 -0.0371 4.4721 -0.4399 0.0230 4.6348 -0.4367 0.0240 
4 4.5067 -0.4566 -0.2079 5.2555 -0.4296 -0.2016 5.4768 -0.4264 -0.2015 
15° 
8 4.7781 -0.4519 -0.3216 5.9059 -0.4251 -0.3178 6.1523 -0.4219 -0.3179 
2 4.1097 -0.4571 -0.0674 4.3545 -0.4397 0.0240 4.5709 -0.4367 0.0245 
4 4.1877 -0.4525 -0.2099 5.0947 -0.4301 -0.2010 5.3902 -0.4266 -0.2011 
30° 
8 4.3487 -0.4491 -0.3227 5.7040 -0.4257 -0.3172 6.0438 -0.4222 -0.3176 
2 3.8641 -0.4513 -0.0649 4.2787 -0.4391 0.0251 4.5268 -0.4364 0.0250 




8 4.0501 -0.4452 -0.3213 5.5657 -0.4259 -0.3167 5.9648 -0.4224 -0.3173 
2 2.9107 -0.5110 -0.0159 3.3335 -0.4347 0.0168 3.5096 -0.4287 0.0172 
4 3.1269 -0.4715 -0.2073 4.0985 -0.4173 -0.2056 4.3267 -0.4115 -0.2059 
15° 
8 3.4336 -0.4611 -0.3216 4.7744 -0.4097 -0.3218 5.0323 -0.4040 -0.3221 
2 2.6144 -0.4737 -0.0551 3.1464 -0.4383 0.0176 3.4050 -0.4289 0.0176 
4 2.7148 -0.4625 -0.2098 3.8500 -0.4185 -0.2052 4.1890 -0.4122 -0.2056 
30° 
8 2.8850 -0.4560 -0.3233 4.4666 -0.4114 -0.3214 4.8627 -0.4050 -0.3219 
2 2.3520 -0.4593 -0.0673 3.0152 -0.4340 0.0185 3.3265 -0.4286 0.0180 
4 2.4217 -0.4529 -0.2104 3.6750 -0.4189 -0.2048 4.0845 -0.4125 -0.2054 
2.0 
45° 
8 2.5392 -0.4486 -0.3235 4.2460 -0.4122 -0.3210 4.7317 -0.4054 -0.3218 
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